Abstract
I. Introduction
In 2016, according to the Centers for Disease Control and Prevention (CDC), 75 million
Americans have high blood pressure, which is roughly one in three adults [1] . The CDC also reports that one in every three U.S. adults is prehypertensive (i.e. at risk for high blood pressure) [1] . High blood pressure, or hypertension, is defined as having a resting systolic blood pressure (SBP) of > 140 mmHg and a resting diastolic blood pressure (DBP) of > 80 mmHg [1] .
Hypertension can lead to a host of health problems including cardiovascular diseases (CVD), such as coronary artery disease and stroke, which are the leading causes of death in the U.S. to date [1] . For instance, in 2014, high blood pressure was a primary or contributing cause of death for roughly 410,000 Americans, exceeding 1,100 deaths per day [1] . Moreover, mortality rates from hypertension and CVD exemplify the ongoing the racial and socioeconomic disparities which gravely affect nationwide health outcomes. The American Heart Association (AHA)
reports that CVD mortality rates are 33% higher for Blacks compared to the overall U.S.
population, and that Blacks are nearly twice as likely to have a first stroke and much more likely to die from a stroke than whites [2] . Interestingly, epidemiological studies examining blood pressure among racial/ethnic minorities have found that those most at risk for developing hypertension were also deficient in vitamin D [3] [4] [5] [6] . Similarly, prospective studies have also shown an inverse relationship between calcium deficiency and high blood pressure [7] .
Given that vitamin D and calcium deficiency are relatively easy to treat with sun exposure and diet modifications, supplementation may be a simple and cost-effective over-the-counter option for populations at an increased risk for hypertension as well as those with limited access to preventative CVD health care services. VITAMIN D, CALCIUM AND BLOOD PRESSURE IN U.S.
II. Background
Vitamin D and calcium have received increased attention for their potential roles in improving cardiovascular health, more specifically their ability to reduce blood pressure. Diets high in calcium, such as the Dietary Approaches to Stop Hypertension (DASH) diet and low-fat dairy diets, have been associated with lower blood pressure [9] [10] . Likewise, a meta-analysis study concluded that calcium supplements of at least 1,000 mg significantly lowered both systolic and diastolic blood pressure [11] . Due to its role in regulating calcium via the renin-angiotensin system in the kidneys, researchers have also investigated the relationship between vitamin D and blood pressure [12] [13] [14] . [14] . Vitamin D deficiency can impair calcium homeostasis by decreasing the absorption of calcium [14] . [12] . older. Linear regression analysis demonstrated that abdominally obese participants with low 25(OH)D levels (<15 ng/ml) had a 3.7 mmHg higher mean SBP (P < 0.001) and a 2.1 mmHg higher mean DBP (P < 0.05), compared to mean SBP and DBP in both abdominally overweight and normal waist participants with adjustment for all covariates [16] .
Overall, findings from NHANES data appear promising in their attempts to establish a clear connection between vitamin D and blood pressure. However, as noted in the above studies, the cross-sectional survey design was a major limitation as cause and effect cannot be differentiated. Furthermore, calcium intake was not included as an adjusted variable. Thus, no interactions between vitamin D, calcium intake, and blood pressure were observed. Given the VITAMIN D, CALCIUM AND BLOOD PRESSURE IN U.S.
relationship between vitamin D and calcium homeostasis in the body, it is critical to examine the interaction between 25(OH)D, calcium, and blood pressure.
III. Scope of the Project

Goal & Objectives
Goal
The goal of this study was to determine whether vitamin D and calcium play a role in improving cardiovascular health by reducing blood pressure.
Objectives
The objectives of the study were to first examine the association between blood pressure and varying blood serum 25(OH)D levels, and then explore the interaction between varying blood serum 25(OH)D levels, calcium intake, and blood pressure.
Methods
Study Population
The study population featured a pooled sample of 24,844 non-institutionalized, relatively healthy adults from three cycles of the NHANES during 2001 to 2006. NHANES is a national program conducted by the National Center for Health Statistics (NCHS), which is a major sector of the CDC [17] . NHANES aims to assess the health and nutrition status of the U.S.
population through ongoing surveys that consist of both at-home administered questionnaires and physical examinations at nationwide Mobile Examination Centers (MECs) [17] . Data from NHANES are used in numerous clinical and epidemiological studies, and often serve as a the backbone for public health policies and community health programs and services [17] . VITAMIN D, CALCIUM AND BLOOD PRESSURE IN U.S.
In the current study, participants were included if they were 20 years of age or older with a glomerular filtration rate ( GFR) of 60 mL/min/1.73m 2 or above. Participants were excluded from the study if they were younger than 20 years of age or had a GFR that was less than 60 mL/min/1.72m 2 . A GFR less than 60 would indicate kidney disease and subsequently higher blood pressure [18] . Participants were also excluded if they had missing values for any of the following questions and/or measurements: age, calcium intake, caloric intake, systolic blood pressure, blood serum 25(OH)D. NHANES data were approved by the Institutional Review Board (IRB) and written consent was obtained from all NHANES participants [19] .
Blood Pressure
Blood pressure was taken at the MECs, where participants were seated and rested for at least five minutes. Using an appropriately sized cuff, resting blood pressure was measured using a mercury sphygmomanometer by a trained study physician. Systolic blood pressure and diastolic blood pressure were reported from the average of three measurements taken approximately one minute apart [16] .
Calcium Intake
Calcium intake was measured through 24-hour dietary recall interviews that were conducted in person by trained interviewers in the MECs. A second 24-hour dietary recall was collected via telephone three to 10 days after the MEC exam [19] .
Vitamin D
Blood was collected from all participants during the physical examination at MECs by certified phlebotomists. Participants with hemophilia or those who received chemotherapy within the past four weeks were excluded from the blood draw [16] . Blood serum 25(OH)D was VITAMIN D, CALCIUM AND BLOOD PRESSURE IN U.S. 
Covariates
Information regarding age, sex, ethnicity, level of education, alcohol consumption, presence of diabetes (as told by a physician) and current use of prescribed blood pressure medication(s) were obtained from the at-home questionnaire [16] . BMI was taken at the MECs and calculated as weight in kilograms divided by height in meters squared [16] . GFR was also measured at the MECs with a single spot urine test to gauge serum creatinine and urine albumin [16] .
Statistical Analysis
Statistical analysis was performed in STATA 12. All analyses included the cluster statement, strata statement, and sample weights. Means and standard deviations were used to 
Limitations
It should be noted that there were several limitations to the study. Due to the cross-sectional study design, causation among vitamin D, calcium, and blood pressure could not be determined. Although calcium intake through dietary foods was included, additional calcium supplementation was not accounted for in the study. Furthermore, there was error in the measurement of calcium as it was difficult to measure dietary intake, especially when relying on 24-hour dietary recall. Physical activity and seasons were also not included in the adjusted covariates, which may have resulted in residual confounding.
Significance
In this cross-sectional study of relatively healthy, non-institutionalized U.S. adults, a significant inverse relationship was found among increasing vitamin D levels and SBP, even after accounting for calcium intake (P < 0.05). In contrast, there was no significant interaction between vitamin D, calcium, and SBP. However, there was a significant interaction between vitamin D, calcium, and DBP (P < 0.05). The findings of this study are consistent with the growing body of research suggesting that vitamin D and calcium are inversely associated with blood pressure.
Based on the limitations of this study as well as previous studies, it is evident that more comprehensive research is needed as a definitive link between vitamin D, calcium intake, and hypertension has not yet been established. Complex prospective, clinical, and longitudinal studies will require greater funding, which currently appears to be lacking. According to the VITAMIN D, CALCIUM AND BLOOD PRESSURE IN U.S. National Institute of Health, in the 2017 fiscal year, hypertension is estimated to receive $222 million in supportive funding while HIV/AIDS is estimated to receive $3 billion [20] . Given the sociopolitical awareness surrounding HIV/AIDS, the difference does not seem too off-putting.
However, when looking at the U.S. mortality rates for hypertension and HIV/AIDS, it is hard not to wonder why funding is limited for such a prevalent condition;; in 2014, hypertension had the second highest mortality rate of 410,624 compared to HIV/AIDS mortality of 8,619 [20] . To 
V. Conclusion
High blood pressure is a precursor to cardiovascular diseases, such as coronary heart disease and stroke, which are the leading causes of death in the United States [1] .
Epidemiologists and clinical researchers are exploring simple and cost-effective dietary approaches to combat cardiovascular diseases, especially in vulnerable and marginalized communities. More recently, vitamin D and calcium have received increased attention for their potentials roles in lowering systolic and diastolic blood pressure. In the current cross-sectional study, a significant inverse relationship was found among increasing vitamin D levels and SBP, even after accounting for calcium intake. There was also a significant interaction between vitamin D, calcium, and DBP. Due to limitations in the survey design, more complex prospective studies and clinical research are needed to establish a definitive link between vitamin D, calcium intake, and blood pressure.
